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INTRODUCTION
The incidence of Mycobacterium avium complex (MAC) infection is gradually increasing all over the world, especially in developed countries (Falkinham ; Field et al. ; Griffith et al. ) . MAC organisms inhabit the environment and are transferred to susceptible humans or farm animals, leading to infection and disease (Falkinham ; Field et al. ; Angenent et al. ) . M. avium and other nontu-samples from bathrooms in the residences of patients with pulmonary MAC disease, suggesting that the bathroom is the possible source of infection (Nishiuchi et al. , ) .
Although MAC colonization in the human environment was polyclonal and displayed genetic diversity, some genotypes were identical or similar to the clinical isolates obtained from the corresponding patients (Nishiuchi et al. , ) . Moreover, the characteristics of MAC disease, such as multiple infections with genetically different strains (Wallace et al. , ) and frequent relapse or reinfection (Kobashi & Matsushima ) , could be attributable to the presence of a reservoir for MAC in the environment immediately surrounding the patients. It is important to break this cycle of infection by removing the infection source; identification of the source in the environment is thus the initial important step for controlling the disease.
In previous investigations, we isolated M. avium organisms by conventional culture. Although this method is basic and essential for the assessment of genetic diversity and drug susceptibility, the procedure is time consuming; it takes 3 weeks to obtain primary isolates and another 2 weeks to obtain pure cultures, followed by polymerase chain reaction (PCR) analysis for species identification (Nishiuchi et al. , ) . Thus, at least 5 weeks are usually required to detect M. avium organisms, underscoring the need for an alternative, rapid, and accurate method of The results were compared with those obtained previously by culture (Nishiuchi et al. ) . We also employed FTA ® elute cards for genomic DNA extraction; these cards allowed very easy recovery of DNA templates from the environmental samples without resorting to the use of any harmful reagent.
METHODS

Design of LAMP primers
Using conserved sequences of the 16S rRNA gene as a target, two inner primers, namely the forward inner primer (FIP) and backward inner primers (BIP), two outer primers (F3 and B3), and two loop primers (FL and BL) for M. avium were designed using PrimerExplorer V3 software (https:// primerexplorer.jp; Eiken Chemical Co. Ltd, Tokyo, Japan).
The primer sequences and other details are listed in Table 1 .
LAMP reaction
LAMP was performed in 50 μl reaction volumes containing 4 μl of the extracted DNA template, 20 μmol l À1 each of FIP and BIP, 25 μmol l À1 each of F3 and B3, 30 μmol l À1 each of FL and BL, 1.4 mmol l À1 deoxynucleoside triphosphate mix, 0.8 mol l À1 betaine (Sigma-Aldrich, St Louis, MO, USA), 20 mmol l À1 Tris-HCl (pH 8.8), 10 mmol l À1 KCl, 10 mmol l À1 (NH 4 ) 2 SO 4 , 8 mmol l À1 MgSO 4 , and 6.4 U of Bst DNA polymerase (large fragment; New England Biolabs Inc., Beverly, MA, USA). The mixture was incubated at 64 W C for 60 min in a Loopamp ® real-time turbidimeter (LA-200;
Teramecs Co., Kyoto, Japan) and then heated to 80 W C for 2 min to terminate the reaction.
Analysis of LAMP products
The LAMP reaction causes turbidity in the reaction tube, which is proportional to the amount of amplified DNA. The reaction was considered positive when a turbidity of !0.1 was observed within 50 min. For further confirmation, the amplified products were examined by restriction analysis using TaqI enzyme, which was selected on the basis of the restriction maps of the target sequences of the LAMP product. Following overnight digestion at 37 W C, the digested products were analyzed by agarose gel electrophoresis using a 2% agarose gel, followed by staining with ethidium bromide. For further confirmation that the correct LAMP product was obtained, melting curve analysis was performed as follows. The LAMP reaction was carried out after addition of SYBR Green I (1:50,000; Molecular Probes Inc., Eugene, OR, USA), and the melting curves of LAMP amplicons were obtained over a temperatures range of from 64-95 W C using an Applied Biosystems 7500 fast real-time PCR system. The ROX reference dye was not used.
Strains and environmental samples
The specificity of the selected primer sets was examined by , and dissolved in 300 μl of TE buffer containing 10 mmol l À1 Tris-HCl (pH 8.0) and 1 mmol l À1 ethylenediaminetetraacetic acid (EDTA). All extracts were verified to contain DNA of >10 ng μl À1 concentration.
Environmental samples collected by us previously (Nishiuchi et al. ) were also used in the present study. In brief, the samples collected on cotton swabs (scale and slime) were preincubated in 1 ml tryptic soy broth for 3 h at 25 W C and subjected to alkali treatment by the addition of 3 ml 2% sodium hydroxide solution and incubation for 10 min, followed by addition of 6 ml of phosphate buffer (PB) at pH 6.8 and centrifugation at 2270 × g for 15 min.
The pellets were resuspended in 0.5 ml of PB, and 0.2 ml of these suspensions was used for culture while the remaining samples were frozen until DNA extraction for use in the LAMP method. The water samples (200 ml) were centrifuged and subjected to alkali treatment, as described above. Extraction by the silica-based method was performed as described previously (Bahador et al. ) . In brief, 500 μl of lysis buffer (1.2% guanidine thiocyanate (Fluka Chemie AAG, Switzerland) in 0.1 mol l À1 Tris-HCl (pH 6.4), 36 mmol l À1 EDTA, and 2% Triton X-100) was added to 100 μl of the cell suspension, followed by 20 μl of acidwashed silica. The suspension was mixed vigorously and incubated for 30 min at 60 W C, followed by centrifugation at 13,800 × g for 2 min. The pellet was washed twice with washing buffer containing 12% guanidine thiocyanate in 0.1 mol l À1 Tris-HCl (pH 6.4), twice with 70% ethanol, and once with acetone and then dissolved in 30 μl of TE buffer.
Extraction of DNA from environmental samples
The frozen samples were centrifuged at 13,800 × g for 10 min, and cell pellets were resuspended in 80 μl of PB (pH 6.8). Forty microliters of the concentrated environmental samples was applied to FTA elute cards, and DNA was extracted in 30 μl of TE buffer as described above.
RESULTS
Sensitivity and specificity of the LAMP method
We first examined the sensitivity of this method by monitoring the detection of serially diluted DNA extracted from M.
avium (Figure 1) . The results indicated that the DNA detection limit was 100 fg/reaction as opposed to the detection limit of 1 pg DNA/reaction obtained using the previously reported primer sets that targeted gyrB (Iwamoto et al. ).
The method of DNA extraction is also known to influence sensitivity because the recovery rate of DNA generally depends on both the method used and the skills of the researcher. Although many methods have been proposed, some require numerous steps and the use of corrosive reagents, such as phenol and chloroform, while others require a large number of bacilli in the starting material because of their poor recovery. Thus, we next examined how many bacilli were required in the sample for the successful detection of M. avium, using five different methods of DNA extraction.
Among these methods (Table 2) , the FTA elute card method was the most sensitive and suitable for subsequent DNA detection using the LAMP method, as it detected M. avium when a minimum of 400 bacilli were present in the volume (40 μl)
applied to the FTA elute card. Moreover, this method only required only 2-3 h because of the simple procedure. ). We pretreated the samples according to the previous method before extraction of DNA. Table 3 shows that both the presence of the dust and the pretreatment procedures hampered DNA extraction using the QIAamp DNA Micro Kit, but they had less effect on the efficiency of DNA extraction using the FTA elute card.
We then evaluated the specificity of LAMP using geno- (Table 4 ). Of a total Control þ þ þ þ À þ þ þ À Added dust sample þ þ À À À þ þ À À Pretreatment a þ þ À À À þ þ þ À a Pretreatment involved preculture for 3 h followed by alkali treatment. (17) a Numbers in parentheses represent the number of residences.
The result of the culture method is cited from the previous report (Nishiuchi et al. 2009 ). The LAMP method was performed with 4 μl of the template in an assay mixture. The template was eluted from an FTA elute card with 30 μl of TE where 40 μl of the concentrated sample was originally applied to the FTA elute card.
